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The relation between perfusion of the infarct-related ar-
tery and changes in left ventricular volume and function
during the month after a first myocardial infarction was
examined in 40 patients who did not receive thrombolytic
therapy. Infarct artery perfusion was documented at
predischarge coronary angiography, and left ventricular
volume was measured by non geometric analysis of radio-
nuclide angiograms performed within 48 hours of in-
farction and at 1 month.
Left ventricular dilation (2:20% increase in volume)
developed in 16 patients, whereas 5 patients had a de-
crease in left ventricular volume of 2:20% by 1 month.
Left ventricular dilation occurred in all 14 patients with-
out perfusion of the infarct-related artery, compared
with only 2 of 26 patients with perfusion of this artery
due to subtotal occlusion or collateral vessels. All five
patients whose left ventricular volume decreased by 2:20%
had a perfused infarct artery. Multiple linear regression
Left ventricular volume is an important prognostic factor in
postinfarction patients (1-4). The left ventricular remod-
eling process which leads to changes in left ventricular vol-
ume after myocardial infarction has only recently been stud-
ied in detai l. This remodeling process begins with expansion
of infarcted myocardium (5,6). Left ventricular dilation may
be apparent by the time of hospital discharge or may only
appear later (7) . Dilation of both infarcted and noninfarcted
myocardium may continue during the month s after infarc-
tion (8).
Animal (9- 11) and human (5.6, 12) studies have dem -
onstrated that infarct expansion and left ventricular dilation
are related to infarct size , but the relation is variable , raising
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analysis confirmed that the degree of perfusion of the
infarct artery (partial r =0.58 , P =0.001) was a more
important predictor of volume change than was infarct
size measured by peak creatine kinase (partial r =0.30,
P =0.009) or QRS score (partial r =0.20, P =0.087).
Left ventricular ejection fraction decreased from 0.38
± 0.10 to 0.30 ± 0.16 (p = 0.05) in 11 patients with
an anterior infarct and ventricular dilation; it increased
from 0.45 ± 0.10 to 0.62 ± 0.07 (p = 0.02) in the 5
patients with a 2:20% decrease in volume.
The degree of perfusion of the infarct-related artery
at predischarge angiography is an important predictor
of change in left ventricular volume In the month after
infarction, independently of infarct size. Absent perfu-
sion of the infarct artery is associated with the devel-
opment of left ventricular dilation and impaired left ven-
tricular function.
(J Am Coli CardioI1987;9:989-995)
the possibility that other factor s may be involved (9). The
role of chronic coronary steno sis in remodeling of the left
ventricle has been questioned (13) . A relation between per-
fusion of the infarct-related artery and the left ventricular
remodeling process would have important implications for
thrombol ytic therap y in acute myocardial infarction.
The aim of this study was to document the relation be-
tween perfusion of the infarct-related artery and changes in
left ventricular volume and function in the month after a
first myocardial infarction in patient s who did not receive
thrombol ytic therapy or coronary angioplasty.
Methods
Study patients. Patient s admitted to the coronary care
unit with a first myocardial infarction were eligible for the
study. Patients with significant valvular heart disease, car-
diomyopathy or atrial arrhythmi as , and those in whom the
first radionuclide angiogram could not be performed within
48 hours of infarction were excluded .
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Forty-five patients were admitted to the study; 5 of them
died before 1 month. The remaining 40 patients (37 male
and 3 female), with a mean age of 55 years (range 38 to
65), formed the study group. The diagnosis of myocardial
infarction was based on a history of chest pain, development
of new pathologic Q waves, ischemic T wave changes, or
both, on the electrocardiogram and a rise in plasma creatine
kinase to at least twice the upper limit of normal (150
units/liter), with an increase in MB fraction on at least one
occasion. The study protocol was approved by the Ethics
Committee of the hospital and each patient gave informed
consent to participate in the study.
Estimation of infarct size. Peak plasma creatine kinase
and a QRS score derived from the 12 lead electrocardiogram
were used as measures of infarct size. Plasma creatine kinase
was measured every 8 hours to the peak level and then daily
until it returned to normal levels. If ischemic chest pain
recurred or new electrocardiographic changes developed more
than 48 hours after infarction, the 8-hourly creatine kinase
measurements were repeated to detect possible infarct ex-
tension. A standard 12 lead electrocardiogram was recorded
daily for the first 4 days and at 10 days and 1 month after
infarction.
The electrocardiogram recorded at 10 days was assigned
a QRS score based on analysis of Q and R wave patterns
according to the method of Palmeri et al. (14). This QRS
scoring method is derived from computer simulation of the
electrocardiogram and has been validated as a measure of
infarct size by anatomic studies (15,16).
Radionuclide studies. All patients underwent equilib-
rium radionuclide angiography within 48 hours of the onset
of infarction and 1 month after infarction. The patient's
erythrocytes were labeled by an in vivo method, using an
intravenous injection of 10 j.Lg/kg body weight of stannous
pyrophosphate (Mallinckrodt Inc.), followed 10 minutes later
by 15 to 25 mCi of technetium-99m as pertechnetate (17).
The scan image was acquired using a gamma camera with
a high sensitivity slant-hole collimator (Sigma 420, Ohio
Nuclear). The patient was supine and the collimator aligned
in a 30° left anterior oblique position with the slant holes
directed caudally. Radionuclide counts were collected for
6 minutes using a matrix size of 64 x 64 pixels and the
cardiac cycle was gated into 24 frames using a nuclear
medicine computer system (Digital Equipment Corporation
Gamma II).
On completion of the scan, a 5 ml sample of peripheral
venous blood was collected from the arm that did not receive
the technetium-99m injection. This sample was then counted
15 em above the same collimator for 2 minutes to determine
the count rate per milliliter of blood. The volume of blood
in the sample was calculated by weighing the syringe before
and after blood sampling.
All radionuclide data analysis was performed by expe-
rienced nuclear medicine technicians who were unaware of
the patient's clinical course or angiographic findings. The
end-diastolic and end-systolic regions of interest were au-
tomatically defined using an edge detection algorithm (18),
with a facility for manual modification by the operator if
necessary. A computer-assigned background region, lateral
to the end-systolic region and extending around the apex,
estimated noncardiac radionuclide activity.
Analysis of left ventricular volume was performed using
a count-based nongeometric method (19), which has been
shown to correlate closely with measurements of left ven-
tricular volume and cardiac output by contrast angiography
and thermodilution studies (20,21). The background-cor-
rected count rate in the left ventricular end-diastolic region
was normalized to the count rate per milliliter of the pe-
ripheral venous blood, with a correction for radionuclide
decay, to yield a radionuclide measure of left ventricular
end-diastolic volume.
The formula used for this calculation was:
left ventricular end-diastolic count rateLVEDVrn = ---------=-==-=--(count rate/ml blood) x eO.OO19251
where LVEDVrn = radionuclide left ventricular end-dia-
stolic volume; t = time in minutes from midpoint of scan
to counting of the peripheral blood sample, and eO.OO1925 =
decay rate of technetium-99m activity.
This method yields a radionuclide volume that is smaller
than the true left ventricular volume because of attenuation
of the technetium-99m photon activity by lung and chest
wall tissue intervening between the left ventricular blood
pool and the gamma camera. In this study we measured
percent change in the attenuated radionuclide volume, rather
than attempting conversion of the attenuated volume to true
volume by calculating an attenuation factor.
We have previously assessed the reproducibility of this
nongeometric method in two patient studies. The reproduc-
ibility of the attenuation factor, relating radionuclide to ther-
modilution measurements of cardiac output and left ven-
tricular stroke volume, was evaluated in serial studies I day
or 2 weeks apart in 20 subjects in stable condition (22).
Individual variations in the relation between radionuclide
and thermodilution measurements were < 15% between the
two studies. A further study, performed in 12 clinically
stable subjects, examined the reproducibility of attenuated
radionuclide measurements of left ventricular volume made
1 month apart. There was < 15% variation in left ventricular
volume over the month in 11 subjects and 17% variation in
the remaining subject. These reproducibility studies indicate
that changes in volume of 2:20% are unlikely to be due to
random variation. Although measured changes in volume
of <20% may also reflect true changes in volume, the pos-
sibility of error due to random variation is increased. To
avoid overestimation of the occurrence of significant volume
changes, only changes >20% were accepted as real changes
in volume.
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Figure 1. Relation between infarct site and change in left ven-
tricular volume in the month after infarction in 40 patients.
Coronary angiography. Coronary angiography was
performed 7 to 10 days after infarctionby either the Judkins
or the Sones technique, Each patient had multiple cinean-
giograms performed in both left and right anterior oblique
views with cranial and caudal angulation. All angiograms
were reported by at least two experienced angiographers
who were unaware of the radionuclide data. The number of
vessels with significant stenoses (>70% narrowing of lu-
minal diameter) and the degree of perfusion of the infarct-
related artery were recorded. This artery was classified as
totally occluded if there was no anterograde filling of the
distal segment, or if there was only penetration without
perfusioncorrespondingto grade 0 or I in the Thrombolysis
in Myocardial Infarction (TIMI) trial (23). The artery was
classifiedas subtotally occluded if there was partial or com-
plete anterogradefilling of the distal segmentcorresponding
to grade 2 or 3 perfusion in the TIMI trial. Collateral filling
of the infarctarterywas also recorded. Good collateralfilling
was defined according to the guidelines of Hecht et al. (24)
as identifiable collateral vessels leading to near normal
opacification and rapid washout of the distal segment of the
infarct artery. Poor collateral filling was defined as faint
opacification and delayed contrast washout from the distal
infarct artery.
Clinical data. Each patient's clinical course was re-
viewed daily during the hospital stay and at I month. The
occurrence of reinfarction, ventricular arrhythmias or left
ventricular failure was noted and the patient's medication
recorded.
Data analysis. Changes in left ventricular volume from
admission to I month were calculated as a percent change
relative to the initial volume measurement. A significant
change in volume was defined as an increase or decrease
of ::::::20%, For analysis of the relation between infarct size
and change in volume, infarct size was categorizedas small,
moderateor large according to the peakcreatine kinase level
and QRS score, Divisions of 1,000 and 2,000 units/liter
were used for creatine kinase and 4 and 8 for QRS score
l-- NS ---l L p-0.0002 --l
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Figure 2. Relation between infarct artery perfusion and change
in left ventricular volume in the month after infarction. COL-
LATERALS = perfusion of a totally occluded artery bycollateral
vessels; SUBTOTAL = perfusion beyond a subtotal occlusion;
TOTAL = total occlusion without collateral filling.
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(25). Changes in left ventricular volume were assessed by
the Wilcoxon signed-rank test (26). Changes in left ven-
tricular ejection fraction between admission and I month
were assessed by paired t testing. The predictive values of
infarct site, infarct size and infarct artery perfusion in re-
lation to changes in left ventricular volume were evaluated
by multiple linear regression analysis. Variables with a sig-
nificant, independent correlation with change in left ven-
tricular volume were identified by stepwise removal of non-
significant variables, until all remaining variables were
significant (27),
Results
Left ventricular volume. During the month after in-
farction left ventricular volume increased by ::::::20% in 16
patients, changed <20% in 19 patients and decreased by
::::::20% in 5 patients. Among the 16 patients with ::::::20%
dilation of the left ventricle were 3 with ::::::40% increase in
volume. The median change in left ventricular volume for
the whole group was an increase of 8% (p = NS).
The relation between infarct site and change in left ven-
tricular volume is illustrated in Figure I. Left ventricular
volumeincreasedby ::::::20% in II of 21 patientswithanterior
infarction, compared with 5 of 19 patients with inferior
infarction. The median change in volume in the group with
anterior infarction was an increase of 18% (p = 0.025),
but there was no significant change in the group with inferior
infarction.
Infarct artery perfusion. The relation between perfu-
sion of the infarct-related artery and change in left ventric-
ular volume is illustrated in Figure 2. Among 16 patients
with perfusion of the infarct artery beyond a subtotal oc-
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Figure3. Relationbetween infarct sizemeasured bypeak creatine
kinase (CK) serum level (in units/liter) and change in left ven-
tricular volume in the month after infarction. Significance of dif-
fe rences in volume changes between groups is shown.
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Figure 4. Relation between infarct size measured by QRS score
on the 12 lead electrocardiogram and change in left ventricular
volume in the month after infarction.
tween 1,000 and 2,000 units/liter. Similarly, when patients
were grouped according to the QRS score on the electro-
cardiogram (Fig. 4), the only signifi cant change in volume
occurred in patients witha QRS score > 7, who had a median
increase of 31% (p = 0.02).
Multivariable analysis. The relation of infarct site, de-
gree of perfusion of the infarct-related artery, peak creatine
kinase and QRS score to change in left ventricular volume
in the month after infarction was analyzed by multiple linear
regression. The overall correlation coefficient with all four
variables included in the analysis was 0.75 (p = 0.0001).
Infarct site and QRS score were not significant and when
they were removed from the model the correlation coeffi-
cient remained 0.75. Of the two remaining significant, in-
dependent predictorsof volumechange, the degree of infarct
artery perfusion had a higher partial correlation coefficient
(r = 0.58, P = 0.001) than did peak creatine kinase (partial
r = 0.30, P = 0.009).
The importance of perfusion of the inf arct-related artery
as a predictor of change in left ventricular volume. inde-
pendent of infarct size, was confirmed by substituting QRS
score for peak creatine kinase in the two-variable model.
The degree of perfusion of the infarct artery remained the
variable most closely correlated with change in left ven-
tricular volume, whereas QRS score was marginally sig-
nificant (partial r = 0.20, P = 0.087).
The independent relation of perfusion of the infarct-re-
lated artery and infarct size as predictors of change in left
ventricular volume is illustrated in Figure 5. At each level
of infarct size, denoted by peak creatine kinase, there was
a greater increase in left ventricular volume in patients with-
out perfusion of the infarct-related artery than in patients
with perfusion of this artery through either a subtotal lesion
or collateral filling.
Left ventricular ejection fraction. The relation be-
tween changes in left ventricular volume in the month after
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c1usion, left ventricular volume increased by ~20% in one
patient and decreased by ~20% in four patients. There was
no significant change for the group. Similarly, among 10
patients with good perfusion of a totally occluded infarct
artery through collateral vessels, left ventricular volume
increased by ~20% in only I patient and there was no
signifi cant change in volume for the group. Thus, left ven-
tricular volume increased in only 2 of 26 patients with per-
fusion of the infarct artery. In contrast, left ventricular vol-
umeincreased by 20% or morein all 14 patients withpersistent
total occlusion of the infarct artery and poor or absent col-
lateral filling , with a median increase in volume of 28% (p
< 0.001).
The peak creatine kinase level in patients with perfusion
of the infarct-related artery through either a subtotal occlu-
sion or good collateral filling was I ,882 ± 1,440 units/liter
compared with 2,805 ± 1,545 units/liter in patients with
total occlusion without collateral fi lling, but the difference
was not significant. There was also no signifi cant difference
in infarct size, measured by QRS score, between patients
with and without perfusion of the infarct artery.
Twenty-six patients had one vessel disease and 14 pa-
tients had two or three vessel disease. There was no relation
between the number of diseased vessels and change in left
ventricular volume in the month after infarction.
Infarct size. The relation between infarct size. denoted
by peak creatine kinase level, and change in left ventricular
volume is illustrated in Figure 3. Left ventricular volume
increased by ~20% in II of 18 patients with peak creatine
kinase > 2,000 units/liter compared with only 5 of 22 pa-
tients with peak creatine kinase < 2,000 units/liter. The me-
dian change in left ventricular volume in patients with peak
creatine kinase >2,000 units/liter was an increase of 25%
(p = 0.005) , but there was no signifi cant change among
patients with peak creatine kinase < I,000 units/liter or be-
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Figure 5. Combined relation of perfusion of the infarct-related
artery and infarct size, measured by peak CK level, to change in
left ventricular volume in the monthafter infarction. Ateach level
of infarct size, patients with an unperfused infarct artery (closed
circles) have a greater volume increase than do patients with a
perfused infarct artery (open circles).
CK < 1000 CK 1-2000 CK > 2000
(n-13l (n-9) (n-18)
infarction and left ventricular ejection fraction is illustrated
in Figure 6. Left ventricular ejection fraction increased from
0.45 ± 0.10 to 0.62 ± 0.07 (p = 0.02) in the five patients
whose left ventricular volume decreased by ~20%. All five
of these patients (four with anterior and one with inferior
infarction) had residual perfusion of the infarct-related ar-
tery. There was no significant change in ejection fraction
in patients with <20% change in left ventricular volume.
However, in patients with anterior infarction who developed
left ventricular dilation, ejection fraction decreased from
0.38 ± 0.10 to 0.30 ± 0.16 (p = 0.05). All but one of
these patients had persistent total occlusion of the infarct
artery without collateral filling. There was no significant
change in ejection fraction in five patients with inferior
infarction who developed left ventricular dilation.
Clinical course. Three patients had recurrent chest pain
and a secondary rise in plasma creatine kinase consistent
with infarct extension within 5 days of the initial infarction.
All three had an increase in left ventricular volume by I
month and all had a totally occluded infarct-related artery
without collateral filling. None of the other 13 patients whose
left ventricular volume increased by 20% or more had evi-
dence of infarct extension.
During the month after infarction, 8 of the 16 patients
with left ventricular dilation developed left ventricular fail-
ure (dyspnea of New York Heart Association class III or
IV) and 6 were readmitted to the hospital (4 with pulmonary
edema and 2 with ventricular tachycardia). In contrast, only
1of the 24 patients without dilation developed left ventric-
ular failure and none was readmitted to the hospital. There
were no differences in treatment with nitrates, beta-adre-
nergic blockers or calcium antagonists between the patients
who did and did not develop left ventricular dilation; how-
ever, patients with dilation were more frequently treated
with digoxin or diuretics.
151
1111
LV VOL
INCREASE
o Admission
.1 Month
161
1131
LV VOL
STABLE
* p 0 0.05 vs Admission
141
*
o
80
INFERIOR MI
111
60
40
20
0
LV VOL
DECREASE
*p 002
80 ANTERIOR MI
J' 60
z
o 40
f=
o
~ 20
u,
z
Q
~
o
UJ
-,
UJ
IT:
<l:
..J
~
o
cr:
~
z
UJ
>
~
u,
UJ
..J
Figure 6. Relation betweenchangein left ventricularvolume(LV
VOL) and change in left ventricular ejection fraction in the month
after infarction (mean ± SD) in patientswith anteriorversus those
with inferiormyocardial infarction (MI).
Discussion
Left ventricular volume after myocardial infarction.
This study examined the natural history of changes in left
ventricular volume in the month after a first myocardial
infarction in 40 patients who did not receive thrombolytic
therapy or coronary angioplasty. Left ventricular dilation,
defined as a ~20% increase in volume, occurred in 16
patients (40%) and a decrease in volume of ~20% occurred
in 5 patients (12.5 %). The degree of perfusion of the infarct-
related artery was the most important predictor of change
in ventricular volume, independent of infarct size. All pa-
tients with an unperfused infarct artery developed left ven-
tricular dilation and at each level of infarct size patients
with an unperfused infarct artery had a greater increase in
volume than did patients with a perfused infarct artery. The
effect of infarct artery perfusion was the same whether it
was anterograde through either a subtotal lesion or collateral
filling into a totally occluded artery.
Coronary angiography was performed 7 to 10 days after
infarction. Other studies have demonstrated that 80 to 90%
of patients studied within 4 hours of infarction have a totally
occluded infarct-related artery (28). Thus, the majority of
patients with a total occlusion of this artery at 10 days
probably had persisting total occlusion from the time of
infarction. Similarly, most patients with subtotal coronary
occlusion at 10 days probably had at the time of infarction
a totally occluded artery that spontaneously recanalized by
the time of angiography.
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The changes in global left ventricular volume docu-
mented in this study are consistent with the regional myo-
cardial changes observed in previous animal (9-11) and
human (5,6,29,30) studies. Infarct expansion, which can
occur within 48 hours of infarction, appears to be the first
event in the left ventricular remodeling process, which may
continue after hospital discharge and involve both infarcted
and noninfarcted myocardium (8) leading to global dilation
of the left ventricular cavity.
The significant decrease in left ventricular volume ob-
served in five patients, with an accompanying increase in
ejection fraction, coincides with observations that early in-
farct expansion may completely or partially resolve in some
patients (5,6). The volume decrease in our patients may
represent resolution of such early infarct expansion. It is
significant that all five of these patients had a well perfused
infarct-related artery.
Role of infarct size. Infarct size has previously been
considered to be the major determinant of left ventricular
dilation (6,9,10). Direct measurements of infarct size in
animal studies (31) have shown that impairment of ventric-
ular function is related to extent of infarction. However there
remains considerable variation in the relation between in-
farct size and subsequent infarct thinning and cavity dilation
(9-11). Transmural infarction does appear to be a require-
ment for the development of dilation (9).
In humans, only indirect measures of infarct size are
available. We have used two independent indexes of infarct
size; peak creatine kinase and the QRS score derived from
the 12 lead electrocardiogram. The peak creatine kinase
level may be influenced by the state of perfusion of the
infarct artery (32), but the QRS score, which correlates
closely with pathologic measurements of infarct size (15,16),
is likely to be independent of infarct artery perfusion. As
in previous studies (5,6), we did not find a consistent relation
between these indexes of infarct size and changes in ven-
tricular volume. The relation between infarct size and change
in volume might have been improved by more direct mea-
surement of infarct size. However, the association between
absent perfusion of the infarct artery and ventricular dilation
is so strong that it is unlikely that the independent effect of
infarct artery perfusion on volume would be invalidated by
more direct measures of infarct size.
Role of infarct artery perfusion. Our findings suggest
that perfusion of the infarct during the healing phase may
be important in preventing continuing infarct expansion and
subsequent left ventricular dilation. Conversely, lack of per-
fusion during the healing phase, particularly if the infarct
is large, appears to predispose the patient to infarct expan-
sion and left ventricular dilation. Other observations that fit
this hypothesis include the association between persistent
occlusion of the left anterior descending artery and aneurysm
formation in patients with anterior infarction (33) and the
observation in animal studies that, independent of infarct
size, unperfused infarcts are more likely to expand than are
perfused infarcts (34).
There are histologic differences between unperfused and
reperfused infarcts that may underlie the differing pro-
pensity to dilation. Absence of perfusion is associated with
coagulation necrosis whereas reperfusion causes contraction
band necrosis (35). Recent evidence (36) suggests that the
tensile strength of unperfused and reperfused infarct scars
is different, although there is doubt as to whether this is
significant at physiologic pressures. It is possible that re-
perfusion during the early healing phase may prevent the
process of myocyte slippage and infarct thinning which re-
sults in infarct expansion and may lead to continuing ven-
tricular dilation. Another possibility is that reperfusion may
prevent expansion and dilation by preserving islands of ep-
icardium.
Clinical implications. Previous studies (37,38) involv-
ing serial measurements of left ventricular function in post-
infarction patients have reported a significant decrease in
left ventricular ejection fraction in a small proportion of
patients. Progressive left ventricular dilation, related to lack
of perfusion of the infarct-related artery, appears to underlie
this late deterioration in left ventricular function. The ques-
tion then arises whether late deterioration in function may
be prevented by maintaining perfusion of this artery.
Apart from the study by Nienaber et al. (39), which failed
to demonstrate any effect of spontaneous recanalization on
left ventricular function, most other studies have demon-
strated a beneficial relation between patency of the infarct-
related artery and left ventricular ejection fraction. De Feyter
et al. (40) found that infarct artery patency was associated
with a higher ejection fraction in patients with inferior in-
farction. Betriu et a1. (41) found that total or near-total
occlusion of the infarct artery was associated with a lower
ejection fraction unless collateral vessels were present, and
Blanke et al. (42) found that total occlusion of the infarct
artery was associated with a decrease in ejection fraction.
The differences between patients with a perfused and non-
perfused infarct artery did not appear to merely result from
differences in infarct size; however, none of these studies
considered left ventricular volume when assessing left ven-
tricular function. Our study demonstrates that late changes
in ejection fraction reflect changes in left ventricular volume
and thus result from remodeling of the left ventricle after
infarction.
These results may have important implications for acute
interventions in myocardial infarction. Early reperfusion is
critical in achieving maximal salvage of jeopardized myo-
cardium (43). Our data suggest that perfusion of the infarct-
related artery may also be important during the healing phase
to prevent subsequent left ventricular dilation. The possi-
bility that reperfusion that is too late to prevent myocardial
damage may still be beneficial in preventing late deterio-
ration in left ventricular volume should be examined.
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